Life-space assessment can be used to measure a patient's level of mobility. This study evaluated the relationship between Life-space mobility and frequency of hospitalization in the previous year and other clinical markers of health among adults with cystic fibrosis (CF).
Introduction
Cystic fibrosis (CF) is the most common fatal genetic disease among Caucasians in the United States.1 Advances in CF care have dramatically increased the life expectancy of patients with CF, but have not prevented the development over time of CF-associated conditions and diseases such as malnutrition, diabetes, and osteoporosis.2 , 3 Many patients require hospitalization one or more times per year primarily for pulmonary exacerbations related to decline in lung function and/or infection. 4 , 5 In addition to the expense, inconvenience, and risk of acquiring infections during hospitalization, recent research has shown that damage sustained during an exacerbation causes a long-term decline in lung function. 6 It is therefore crucial to be able to predict and mitigate pulmonary exacerbations and other causes of hospitalization.
Several physiological metrics including forced expiratory volume in one second as a percent of the predicted value (FEV 1 % predicted) and body mass index (BMI) have been used to monitor disease progression and the need for hospitalization in CF patients. 5 In addition to these objective measures, patient-reported outcomes, primarily in the form of diseasespecific quality of life measures such as the Cystic Fibrosis Questionnaire -Revised (CFQ-R),7 CF Respiratory Diary,8 Cystic Fibrosis Quality of Life (CFQoL) questionnaire,9 and Questions on Life Satisfaction,10 have gained acceptance as supplemental outcome measures in CF. Data from these questionnaires have been shown to correlate with physiological measures, such as FEV 1 % predicted, and also address functional and social status.11
An alternative way of gathering simple patient-reported information about health status and risk of adverse outcomes may be to use self-reports of physical activity or function related to specific tasks such as activities of daily living (ADLs). One study utilizing an assessment of physical activity demonstrated that female adolescents with CF who were more active had lower rates of decline in lung function compared with less active female adolescents with CF.12 Decreased physical activity and functional status may also be an early sign of decreasing lung function, as patients with a low FEV 1 % predicted might not be capable of maintaining an active lifestyle. Improved physical activity and exercise have been demonstrated to slow the rate of decline in lung function in patients with CF. 13 Other benefits of increased physical activity and exercise include improved airway clearance, muscle function, and quality of life.13
Assessing activity levels in CF patients may be difficult in clinical practice, and better tools need to be developed to assess physical activity in the CF population. The Life-space assessment is a simple five part mobility questionnaire that has been shown to be associated with various health characteristics in the geriatric population, including physical performance, cognitive abilities, mental health, and the rate of recovery after surgical and nonsurgical hospitalizations. Surveys of quality of life, depression, and activities of daily living have all been shown to correlate with the Life-space mobility score in this group. Additionally, the Life-space score has been shown to have excellent test-retest reliability within two weeks of face-to-face assessments. 14 -19 The objective of this study was to evaluate the use of the Life-Space score as a measure of health for adults with CF and to determine how well the Life-space score correlates with clinical outcomes including frequency of hospitalization. We hypothesized that those patients who are more mobile as reflected in higher Life-space scores would have better lung function and would have been hospitalized less frequently.
Methods

Participants
Participants were recruited from the Emory University Adult Cystic Fibrosis center. A list of patients was compiled from the clinic appointment schedule beginning with January 2009. Subjects were consented by telephone or in-person interview for participation in this study between May and October 2009. Subjects were included in this study if they had cystic fibrosis and were at least 18 years of age.
Study Protocol
The study was approved by the Emory human studies committee (IRB). Subjects who met study criteria completed the Life-space mobility assessment (detailed in next section) administered by one of two researchers (EG or ES). The following information was collected from each participant's medical record: subject demographics, medical history, most recent FEV 1 % predicted, most recent BMI, and number of hospitalizations in the 12 months preceding the interview date.
Life-Space Mobility Assessment
The survey asked subjects how frequently they reached different zones extending outwards from the bedroom, such as going to other rooms in the home and leaving the home, and a score was calculated based on their responses. Each zone was assigned a value based on distance (leaving the bedroom was level 1, leaving the home was level 2, etc.). For each level the subject reported to have reached, the value for that level was multiplied by the frequency reported, from 1 (less than once a week) to 4 (daily), as well as by a factor for the level of assistance needed: subjects were assigned a score of 1 for that level if they needed personal assistance, 1.5 if they needed mobility-related equipment only, and 2 if they did not require any assistance. The scores for all the levels were summed to calculate a total score out of a possible 120 points. A higher Life-space score indicates greater mobility within and away from the home. An in-depth description of the Life-space assessment can be found in Peel, et. al., 2005.14 
Statistical Methods
Single and multivariate linear regressions were performed comparing the number of hospitalizations in the year preceding the interview date with the Life-space mobility score. Covariates included FEV 1 % predicted, BMI, and Life-space score. ANOVA tests were performed to test for the effects of potentially interfering factors, such as hospitalizations during the four week period measured in the survey, as well as population differences between patients interviewed by phone and those interviewed during clinic visits. All statistical analyses were performed using Microsoft Excel 2007 (Redmond, WA).
Results
Study Subjects
The subject demographics are presented in Table 1 . Twenty-two subjects were interviewed by phone and 26 were interviewed during outpatient clinic visits. The 48 subjects enrolled were a mean age of 29 ± 8 years of age, with the majority self identified as white ethnicity (94%), and had a mean FEV 1 % predicted of 66% ± 26%. The majority of subjects fell in the mild lung obstruction category (FEV 1 % predicted > 69%). There were no statistical differences in age, FEV 1 % predicted, or number of hospitalizations between patients who were interviewed over the phone and in clinic. Patients who were interviewed in clinic had a statistically significantly lower BMI (p = .003).
All subjects had a mean Life-space score of 88 ± 26 out of 120 (Table 1) . Life-space scores and numbers of hospitalizations by sub-groups of sex, severity of lung obstruction, age, and BMI are presented in Table 2 . As expected, the mean Life-space score was statistically significantly lower in those subjects with lower FEV 1 % predicted (p = 0.03). Similarly, the mean number of hospitalizations was statistically significantly higher in subjects with lower FEV 1 % predicted (p = 0.0005). Subjects with a higher BMI had a statistically significantly lower number of hospitalizations (p = 0.01). In contrast, there was not a significant association between the Life-space score and BMI (p = 1.0).
Relationship between Life-Space and Hospitalizations
There was a statistically significant negative linear correlation between the number of times a subject was hospitalized in the previous year and his or her Life-space score (p = .001, R 2 = .20) (Table 3 ). There was also a significant correlation comparing the number of hospitalizations to the Life-space score after controlling for FEV 1 % predicted and BMI (p = 0.021, Table 3 ). The mean numbers of hospitalizations for subjects with high and low Lifespace scores respectively are shown in Figure 1 .
Discussion
In this study, we sought to evaluate the Life-space mobility score as a new tool to objectively measure the health status of adults with CF. We found a significant negative correlation between the frequency of hospitalization of adults with CF and the Life-space score. The Life-space score was significantly associated with the number of hospitalizations after adjusting for BMI and FEV 1 % predicted as covariates. This suggests that the Lifespace score provides an additional measure of health status in CF patients independent of FEV 1 % predicted and BMI to assess the risk of adverse outcomes requiring hospitalization.
Earlier detection of respiratory decline in CF patients is critical for preventing further declines in respiratory function and mortality. FEV 1 % predicted has been a useful surrogate marker of health, and is strongly associated with pulmonary exacerbations5 and mortality.20 Body mass index (BMI) is another useful tool in predicting decline in pulmonary function in CF patients. BMI was significant in our multivariate regression (p = .05), but less so than FEV 1 % predicted. This is consistent with previous studies demonstrating an association between lower BMI and FEV 1 % predicted.5 , 21 Other measures that have been shown to predict the frequency of exacerbations include age, courses of IV antibiotics, and certain medications taken.5
The Life-Space Mobility Score in Clinical Practice
Other questionnaires have been used to assess the health of CF patients.22 These include the Sickness Impact Profile (SIP),23 the Nottingham Health Profile (NHP),24 and the Short-Form Health Survey (SF-36). 25 More recently, the Cystic Fibrosis Quality of Life (CFQoL) questionnaire and several other similar surveys have been developed to address issues specific to CF care.9 The CFQoL, for example, asks patients to respond to 52 statements regarding psychosocial implications of the disease. Examples of these statements are, "For the last two weeks, CF had made it difficult to move from my bed to my chair" and "I worry about CF shortening my life."9 Like the Life-space score, such QOL surveys provide a unique patient perspective. Data from these surveys have also been shown to correlate with FEV 1 % predicted, just as the Life-space score does.11 However, their short-term predictive value is diluted by more subjective questions about emotional wellbeing and broader impact of the disease and associated therapy. These surveys are also relatively long and timeconsuming for the patient and clinician to complete. The Life-space mobility assessment, by contrast, takes just a few minutes to complete, and because the questions are based on a subject's mobility (as measured by the zones extending outwards from the bedroom that he or she has reached), the information it provides is more objective and more clearly linked to the risk of a pulmonary exacerbation.
The Life-space score might also be used by the clinician to initiate a discussion with the patient about his or her health. Treatment of CF is a complex, lifelong process that requires the active participation of the patient on a daily basis in order to reduce the frequency of exacerbations.26 Non-adherence is common for reasons including expense, discomfort, lack of understanding, and interference with daily life. Patients also fail to complete their treatments as a mechanism of denial of the severity of the illness.27 Nonetheless, adherence is better when patients understand and can perceive the benefits of the treatment. 28 To this end, the Life-space score will simply and clearly demonstrate disease severity by showing how it is affecting the patient's mobility, and do so only with information that he or she has provided and can relate to. This might be a more relevant indicator to the patient than abstract physiological measures, thereby encouraging him or her to adhere to the prescribed treatment regimen.
Limitations and Next Steps
One limitation of this study is that it was not longitudinal and we did not test the Life-space score's capacity for predicting future hospitalizations. We also used a limited number of covariates, and it is possible that there are other explanations for a patient's frequency of hospitalization, such as socioeconomic status, which has been shown to affect outcomes in CF.7 Other possible confounding variables are 25-hydroxyvitamin D levels, which had not been tested in many of the subjects in this study, pancreatic enzyme insufficiency, and other measures of nutrition.21
A potential source of bias in our study is that we were not able to interview four patients because they were in the hospital when we attempted to contact them by phone. Additionally, the hospitalization period itself might reduce a subject's Life-space score. Ten out of 48 subjects in our sample had been hospitalized in the month prior to the interview, and although they were asked about activity in the past month, there was not a statistically significant impact on their Life-space scores. Further research should be undertaken to confirm the Life-space score's relevance to CF and refine the survey questions for this population. Its effectiveness should also be tested in children, who were not included in this study, but comprise more than 50% of the CF patient population.29 It would likely be less relevant for them, however, because children have less control than adults over their mobility away from the home, as this is more related to their parents' lifestyle and decisions about where they spend their time. Finally, while the test-retest reliability of the Life-space mobility assessment has been validated, future studies in the CF population should incorporate the mobility of family members as well.
Conclusion
The Life-space assessment is a simple survey used to measure mobility. It has been validated in the geriatric population, and is associated with standard indicators of health in patients with CF as well. It is objective to the extent that the patient objectively reports his or her mobility, and it may provide additional insight into the relationship between a patient's lifestyle and his or her health. A future prospective study should assess the capability of the life-space mobility score to predict health outcomes of patients with CF. Mean number of hospitalizations within the past year by life-space mobility score 
